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Preface 



The School Indoor Air Quality Best Management Practices Manual was prepared by the Washington State 
Department of Health, with financial assistance provided by the Office of the Superintendent of Public 
Instruction. The Manual was written in response to requirements of the Washington State Legislature. 

The Manual was prepared between July 1994 and January 1995. During this period the Department of Health 
formed and consulted with a School Indoor Air Quality Advisory Committee, which provided valuable technical 
guidance and policy support. 

The Department of Health encourages all users of the Manual to examine the concepts, recommendations, and 
procedures outlined in the Manual; evaluate their usefulness and effectiveness; identify any costs and obstacles to 
implementation; and describe any benefits received. Users of the manual are invited to report their findings to the 
Department of Health, Community Environmental Health Programs (refer to the address and phone number on 
the title page). Such information may be used to update and improve the Manual, and may assist in identifying 
training and technical assistance needs related to school indoor air quality. 

It is important to recognize that the practices specified or recommended in this Manual include some that are 
already required by code or law, and others that are recommendations which may help promote good indoor air 
quality in schools. It is the responsibility of each school district and other users of the Manual to comply with 
applicable codes and laws— including those related to building, plumbing, electrical and mechanical systems, fire 
protection, safety, energy use, and environmental protection. However, all users of the Manual, including school 
districts, should evaluate the discretionary recommendations presented in this Manual, and adopt or promote 
those which, in their judgment, are relevant and applicable to their circumstances, and feasible to implement. In 
the event that any recommendations offered in this Manual are in conflict with any applicable codes or laws, such 
codes or laws shall take precedence. 
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Section One: 
Introduction 



The Manuals Purpose 

This School Indoor Air Quality Best Management Practices Manual 
has been written to help prevent and reduce indoor air quality 
problems in Washington’s schools. It is intended for schools serving 
students in kindergarten through grade twelve. 

The Manual focuses on practices which can be undertaken during the 
siting, design, construction, or renovation of a school. Although the 
Manual focuses on new and renovated schools, it recommends 
practices to help ensure good indoor air quality during building 
occupancy. These practices affect operation and maintenance, 
repairs and minor construction, as well as the school’s administrative 
organization and lines of communication. 

The Manual also suggests protocols and useful reference documents 
for investigating and handling indoor air quality complaints and 
problems that arise. The broad scope of this Manual will allow it to 
be useful in managing indoor air quality issues in existing, older 
schools as well as newly-constructed or renovated buildings. 

Causes for Poor Poor indoor air quality may have many causes: contaminated 

Indoor Air outdoor air brought into the building; building materials, furnishings 

Quality and equipment; facility operation and maintenance practices; various 

activities of students, teachers, and staff; and heating, ventilation, and 
air conditioning (HVAC) systems and their operation. Problems that 
arise from indoor air may be more difficult to solve unless there is 
good communication among staff, teachers, students, parents, and 
other interested or affected groups. 

The purpose of this School Indoor Air Quality Best Management 
Practices Manual is to promote practices which prevent or reduce the 
contamination of indoor air, thereby contributing to a safe, healthy, 
productive, and comfortable environment for students, teachers, and 
other school staff. 
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Who Will Use the Manual 



Primary Users 



Other Users 
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The School Indoor Air Quality Best Management Practices 
Manual is primarily intended for use by: 

• school administrators, teachers, school building 
administrative staff, and central administrative staff 

• architects and engineers, and 

• school facilities and maintenance personnel 

To ensure accountability and appropriate use of the practices 
presented in this Manual, each school should appoint a school 
indoor air quality coordinator (IAQ coordinator). This 
function is described in Section Four: Basic Strategies for 
Good Indoor Air Quality, and Section Eleven: Indoor Air 
Quality Planning and Management . 

Other groups that have a significant interest in school indoor air 
quality issues and application of the best management practices 
include: 

• students and their parents 

• local school boards 

• school site councils 

• local health, building, and fire officials 

• other contract providers of supplies, services, equipment, 
and facilities 

• state agencies, including the Department of Health, the 
Office of the Superintendent of Public Instruction, the 
Department of Labor & Industries, the State Energy Office, 
and related organizations, including the School Facilities 
Cost Advisory Board. 

The other contract providers identified above include companies 
that maintain HVAC systems, provide school supplies, and 
manufacture or supply construction materials, building 
furnishings and equipment. 
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It is important for school administrators and the IAQ coordinator to 
alert other potential Manual users and interested groups of the 
school’s efforts to manage indoor air quality. The IAQ coordinator 
should work closely with other users of the Manual to ensure that as 
appropriate, the best management practices are followed during each 
phase of school development or renovation, and ultimately during 
school operation. 

Organization and Content of the Manual 

The remaining sections of this Manual (Sections Two through 
Twelve) address special topics related to indoor air quality in 
schools. These sections are briefly summarized below. 


Section Two: Why Manage Indoor 
Air Quality? 


The importance of managing school indoor air quality is discussed in 
Section Two. The consequences of poor indoor air quality are 
described— including the health symptoms and problems; strained 
relationships among parents, school administration and staff; and the 
increased liability and risks. 


Section Three: Factors 
Influencing Indoor Air Quality 


The factors that influence indoor air quality are described in Section 
Three. These factors include outside sources as well as building 
components, furnishings, equipment, supplies, and activities of 
students, teachers, and staff. Specific sources and types of 
contaminants, and associated comfort and health effects are defined. 


Section Four: Basic Strategies for 
Good Indoor Air Quality 


Section Four of the Manual discusses the six basic control methods 
for reducing the exposure of students and building staff to indoor air 
contaminants. In addition, this section explains the need to designate 
a school IAQ coordinator, and outlines the roles and responsibilities 
of the IAQ coordinator. 


Section Five: Siting Schools for 
Good Indoor Air Quality 


Section Five discusses key issues to consider when siting a school 
building. Environmental site assessments, and examination of 
climate, nearby sources of air emissions, and other environmental 
factors are suggested. 


Section Six: Designing Schools 
for Good Indoor Air Quality 


Section Six examines many issues associated with school design that 
may affect indoor air quality. This section discusses the role of the 
design team, the need for a pollutant source control plan, the status 
of codes and standards related to indoor air quality, assessing budget 
and schedule impacts, site and facility planning, HVAC design 
recommendations, and ways to reduce emissions and air quality 
impacts of building materials, interior finishes and furnishings. 


O 
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Section Seven: Constructing 
Schools for Good Indoor Air 
Quality 



Section Eight: Operating and 
Maintaining HV AC Systems for 
Good Indoor Air Quality 



Section Nine: Controlling 
Contaminant Sources in and 
around Schools 



Section Ten: Controlling 
Contaminant Sources in 
Classrooms, Offices, and Special 
Use Areas 



Section Eleven: Indoor Air 
Quality Planning and 
Management 



Section Seven discusses indoor air quality issues and their 
relationship to construction monitoring, school building 
commissioning, and initial occupancy of buildings. This section also 
offers recommendations for maintaining good indoor air quality in 
occupied schools while remodeling or renovation is in progress. 
Painting, carpeting, and roofing projects are addressed specifically, 
since they are routinely undertaken in building improvement projects. 

Section Eight describes the importance of properly operating and 
maintaining HVAC systems. Documentation needs for HVAC 
systems are discussed, and maintenance standards and requirements 
for HVAC systems are outlined. 

Section Nine discusses several issues of general concern at schools 
which can affect indoor air quality. Tobacco smoking, storage and 
use of cleaning and maintenance materials, dust control, prevention 
of microbial growth following spills or leaks, pest control, and 
asbestos and radon management are addressed in this section. 

Section Ten describes design, construction, and operational practices 
which are important in maintaining good indoor air quality in 
classrooms and general offices, as well as special use areas within 
school buildings. Special use areas addressed in this section include 
staff work rooms and printing rooms, food handling areas, locker 
rooms, science laboratories, art and theater rooms, vocational arts 
areas, and swimming pools. 

Special measures to site, design, and construct or renovate schools as 
recommended in Sections Six through Ten of this Manual will reduce 
the likelihood that indoor air quality problems will arise. However, 
once buildings are occupied, it is important to assign responsibilities 
and carry out an active program to maintain good indoor air quality. 

As described in Section Eleven, this program includes the designation 
of an IAQ coordinator, development and use of an indoor air quality 
plan, training, education, and ongoing communication with school 
staff, students, parents, and other interested groups regarding indoor 
air quality issues. In addition, Section Eleven outlines the basic steps 
necessary to handle indoor air quality problems reported by staff or 
students. 
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Section Twelve: Other Resources There are numerous federal, state, local, private, and non-profit 

organizations involved in indoor air quality issues. These 
organizations may provide funding or technical assistance, conduct 
research, supply publications, serve in a regulatory capacity, or 
represent special interest groups. Section Twelve provides names, 
addresses, and phone numbers for many of these organizations. 

Appendices Two documents referenced in the Manual are included as appendices: 

• Appendix A: Washington State Department of Health School 
Indoor Air Quality Survey 

• Appendix B: HVAC Checklist 
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Section Two: Why Manage 
School Indoor Air Quality? 



Introduction 

Over the last two decades, much attention has been focused on 
improving the quality of our outdoor air. Within the last ten to 
fifteen years, considerable attention has also been directed toward the 
problems of indoor air quality. During this period it has become 
increasingly clear that exposure to contaminated indoor air may not 
only be unpleasant, but in some instances may have serious adverse 
health effects. 

Levels of specific contaminants in indoor air may be significantly 
higher than levels found outdoors. For instance, concentrations of 
contaminants such as formaldehyde, other volatile organic 
compounds ( VOCs ), pesticides, radon, molds and bacteria, and 
byproducts of combustion such as solid particles, carbon monoxide 
and nitrogen oxides may be considerably higher indoors than 
outdoors. 1 

Of course, there are many factors which influence indoor air 
pollution levels. These factors include the activities of building 
occupants (including maintenance activities), the presence of 
contaminant sources such as building materials, furnishings and 
equipment, the levels of contamination outdoors, the season, indoor 
humidity and temperature, and ventilation rates. 

Not only are we potentially exposed to a greater level of 
contamination indoors than outdoors, most of us are exposed to 
indoor air for a longer period of time: on average, we spend over 90 
percent of our time indoors. 1 

Poor Indoor Air Quality in This section of the Best Management Practices Manual provides an 

Schools: The Consequences overview of the consequences of poor indoor air quality in schools, 

and discusses the extent to which indoor air quality problems may 
affect Washington State schools. 
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Health Symptoms and Problems 



The Most Common Symptoms 
Resulting from Poor Indoor Air 
Quality 
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The health effects associated with indoor air quality problems are 
often non-specific symptoms rather than clearly defined illnesses. 

The symptoms most commonly attributed to indoor air quality 
problems include: 

• headache, fatigue, and shortness of breath 

• sinus congestion, coughing, and sneezing 

• eye, nose, throat, and skin irritation 

• dizziness and nausea 

Mucous membrane irritation and respiratory symptoms are the most 
common symptoms experienced or reported in school buildings with 
indoor air quality problems. Other physiologic systems can also be 
affected by exposure to indoor air contaminants. Irritation, 
pulmonary, cardiovascular, and nervous system effects are 
highlighted briefly below. 2,3 (Section Three of the Manual provides 
additional information on indoor air pollutant sources and comfort 
and health effects— See Table 3-1): 

• Indoor air pollutants may irritate the skin, eyes, nose and throat, 
upper airways, cranial nerves, and create dry mucous membranes, 
erythema (redness or inflammation of the skin), headache, and 
abnormal taste. Formaldehyde and other VOCs, combustion 
products, and particulates are examples of pollutants which may 
cause these symptoms. 

• Pulmonary effects may include rapid breathing, increased 
infection rate, exacerbation of asthma, allergies, and flu-like 
symptoms. Combustion products, formaldehyde and other 
VOCs, and particulates can produce pulmonary effects. Some 
individuals may also be susceptible to certain biological air 
contaminants, resulting in hypersensitivity diseases including 
hypersensitivity pneumonitis and humidifier fever. Legionnaire’s 
disease can occur from aerosolization of Legionella bacteria from 
HVAC cooling towers, humidifiers, and evaporative condensers. 

Cardiovascular effects may include fatigue and dizziness. Exposure 
to combustion products, VOCs, and particulates are most commonly 
associated with these symptoms. Elevated carbon monoxide levels 
can aggravate existing cardiovascular disease, and cause chest pain 
and heart damage. 
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• Nervous system effects may include headache, fatigue, malaise 
with nausea, and in certain circumstances, lack of coordination, 
impaired judgment, and blurred vision. Combustion products, 
formaldehyde and other VOCs, and biological pollutants are most 
commonly associated with nervous system effects. 

Cancer and reproductive effects have also been associated with 
exposure to indoor air contaminants. Such effects tend to have long 
periods of induction with effects not seen until years after exposure 
has taken place. Agents which are associated with these effects, 
including heavy metals and some solvents, are routinely used in 
certain fields of instruction such as science, vocational arts, and art. 

Staff and students must be trained to take precautions in storing and 
handling toxic materials used in school curricula, and to use less toxic 
products where possible. In addition, the proper design and 
operation of instructional facilities and equipment, including exhaust 
systems, is essential to avoid exposure either to classroom 
participants or other building occupants. Staff or students who are 
pregnant must be especially protected from exposure since 
developing fetuses may be particularly susceptible to environmental 
toxins. 

State and local health officials or other qualified occupational health 
and safety professionals may be consulted to answer questions 
concerning the health risks associated with exposure to indoor air 
contaminants (or hazardous materials), and to identify ways to 
minimize or reduce such risks. 

People with allergies, asthma, or damaged immune systems may also 
be more susceptible to certain indoor contaminants. This is 
noteworthy, since there has been a significant increase in the 
prevalence of asthma in children over the past decade. Nevertheless, 
there are some people who appear to be more susceptible to indoor 
air contaminants who have no underlying health condition. 

Other Consequences of Poor Increased Spread of Infectious Diseases 

Indoor Air Quality 

Biological agents in indoor air can cause disease. Diseases may 
include infections, hypersensitivity (where specific activation of the 
immune system causes disease), and toxicoses (where biologically 
produced chemical toxins cause direct toxic effects). Infectious ' 
diseases which can be spread through indoor air or personal contact 
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include influenza, other respiratory viruses, tuberculosis, and 
measles. These diseases are more likely to be spread in indoor 

2 3 

environments that are overcrowded and inadequately ventilated.’ 

Sensitivity of Children to Indoor Contaminants 

Children may be more likely to be adversely affected by indoor air 
pollution than adults. Children breathe a greater volume of air 
relative to their body weight than adults, and this may lead to a 
greater burden of pollutants on their bodies . 4 

Although children may be affected to a greater degree than adults, 
the younger age groups in particular are less likely to comprehend 
and clearly communicate their discomfort or adverse health effects 
than adults. However, children may show signs of discomfort, 
including restlessness, sleepiness, or other symptoms as a result of 
poor indoor air quality . 5 

Multiple Chemical Sensitivity Syndrome 

Multiple chemical sensitivity syndrome (MCSS) is a diagnosis for 
which a single cause has not been identified. Many of the symptoms 
associated with exposure to indoor air pollutants are experienced by 
individuals who are considered to be multiple chemical sensitive. 

The most frequent symptoms include headache and fatigue. 
Considerable debate exists within the medical and scientific 
communities as to whether MCSS exists as a true clinical entity. 
Understanding of and agreement upon the nature, causes, diagnosis, 
and treatment of MCSS are even more limited. 

Generally MCSS is thought to be acquired by certain individuals 
when they are exposed to environmental contaminants (which may 
include indoor air contaminants) and become sensitized. People may 
become sensitized through a single high-level exposure, or a long- 
term low-level exposure. Once sensitized, these individuals may 
experience severe illness symptoms when exposed to the same 
chemicals, or unrelated chemical substances. Symptoms may occur 
with very low levels of chemical exposure— levels which do not cause 
symptoms in most of the general population ?’ 7 

Although there is little agreement within the medical community 
concerning the nature, causes, and treatment of MCSS, practices to 
prevent indoor air contamination may help reduce the incidence of 
MCSS (if it is determined to be a clinical entity) and should provide 
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a more comfortable environment for those persons thought to have 
MCSS. 

Reduced Productivity in Students, Teachers, and Staff 

Students, teachers, and other school staff need a healthy and 
comfortable environment in which to function. Problems associated 
with indoor air quality may lead to discomfort or illness, which in 
turn may lead to reduced productivity and academic performance, 
and increased absenteeism. 

Strained Relationships among Parents, School 
Administration, and Staff 

Indoor air quality problems can create tension and strain relationships 
among parents, school administrators, teachers, and other school 
staff. Parents expect a healthy school environment for their children. 
If indoor air quality problems develop, parents may blame the school 
district for failure to take proper precautions to ensure a safe school 
environment. Relationships may deteriorate if indoor air quality 
problems are not promptly and effectively addressed, or if there is 
poor communication among administrators, staff, and parents. 

Potential for School Room or Building Closures and 
Relocation of Occupants 

Resolving indoor air quality problems is often a difficult task, and 
solutions may not be readily apparent or quickly implemented. To 
ensure the comfort and health of students and staff, it may be 
necessary to restrict access to school rooms, other areas of the 
school building, or close the entire building until investigations and 
corrective actions have been taken. 

Closure of school rooms and buildings may have serious, adverse 
consequences for the district, students, parents, and staff. The 
consequences include disruption of learning, transportation, and 
child-care arrangements, and the potential for closure to permanently 
undermine the confidence of students, parents, and staff in the safety 
of the building and the indoor air quality management practices of the 
district. 

Some students may have pre-existing conditions that make them 
more susceptible to environmental toxins, including indoor air 



contaminants. If such conditions are medically-documented, the 
school district may need to relocate these individuals, or provide 
alternative accommodation to assure a healthy learning environment. 

Deterioration of Buildings and Equipment 

Failure to properly maintain buildings or equipment may contribute 
to poor indoor air quality. This may not only create discomfort and 
adverse health effects in building occupants, but may lead to 
equipment malfunctions, and further deterioration of buildings, 
equipment, and furnishings. Warranties on equipment and 
furnishings may be void from improper care. Once problems arise, 
the costs for additional cleaning, repair, replacement or maintenance 
of the building, equipment and furnishings may be substantially 
higher than the cost savings from deferred maintenance. 

Increased Liability and Risk 

Problems related to poor indoor air quality may lead to legal claims 
and expenses, including judgments and settlements. Industrial 
insurance claims may be filed by teachers and other staff members 
experiencing illness from contaminated indoor air. Payroll costs may 
escalate due to increased absenteeism. As noted above, there also 
may be unexpected costs for repair, replacement, and maintenance of 
structures, furnishings, and equipment. In addition, resolution of 
indoor air quality problems may be costly, depending upon the nature 
and extent of investigations and corrective actions required. 

Special Considerations in Schools 

Schools present special problems for managing indoor air quality. 
Students and teachers in classrooms are often working closer 
together than people in typical office buildings. Approximately four 
times as many people may occupy a given amount of floor space in a 
school classroom as an office . 4 

Schools also have a diversity of activities, and consequently have a 
wide range of potential air pollutant sources. These sources include 
cafeterias; art, science, and other classrooms; vocational education 
areas; pools; restrooms; and locker rooms. 
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Goal: Encourage the Use of 
Sound, Cost-Effective 
Management Practices 



The Extent of Indoor Air Quality 
Problems in Washington Schools 



Given these special circumstances and the sensitivity of children to 
environmental contaminants, it is important to prevent indoor air 
quality problems to the extent possible, and to effectively manage 
and resolve indoor air quality complaints and incidents which arise. 

Indoor Air Quality in Washington State Schools 

It is the goal of the Office of the Superintendent of Public Instruction 
and the Department of Health to encourage the use of sound, cost- 
effective management practices to ensure good indoor air quality in 
public and private schools. 

There are approximately 1,860 public schools in Washington State, 
operating an estimated 5,000 school buildings. The number of 
school buildings does not include portable classrooms, which are not 
inventoried. Although exact figures are not available, the extent of 
indoor air quality problems in Washington State schools can be 
estimated. 

A recent survey conducted by the Washington State Department of 
Health revealed that 33 of 132 responding schools which had been 
constructed or remodeled within the last five years had experienced 
indoor air quality problems. The average reported cost to address 
these indoor air quality problems was $134,750. Since this survey 
was voluntary, most schools chose not to respond. A copy of the 
survey form and summary of the survey results are presented in 
Appendix A. 

The Washington State Department of Labor & Industries has 
estimated that approximately twenty percent of all on-site 
consultation visits requested by employers during the late 1980s and 
early 1990s were related to indoor air quality problems. A significant 
number of these on-site consultation visits were in schools. 

During the last five years, the Department of Labor & Industries was 
able to document fifty-two indoor air quality field consultations in 
schools. Due to resource limitations, two years ago the agency’s 
consultation section stopped routine on-site investigation of indoor 
air quality problems. An informational handout dealing with general 
indoor air quality concerns is mailed out by the agency upon request. 



In addition to consultation visits, the Department of Labor & 
Industries’compliance section has responded to indoor air quality 



problems at schools that are generated as a result of employee 
complaints. 



The U. S. Occupational Safety and Health Administration (OSHA) 
has estimated that twenty to thirty percent of non-industrial buildings 
have problems with indoor air quality. This estimate is not 
necessarily representative of the magnitude of school indoor air 
quality problems in Washington State. On the other hand, if the 
figures are reasonably representative, it may be concluded that 
hundreds of school buildings in the state experience indoor air quality 
problems, not including problems which may exist in portable 
classrooms. Potentially thousands of students, teachers, and other 
school staff members are exposed to poor indoor air quality. 

What is Needed to Prevent and Manage School Indoor 
Air Quality Problems 

Many indoor air quality problems can be prevented. The costs of 
preventing indoor air quality problems are likely to be less than the 
costs of resolving problems after they develop. Good practices in 
siting, design, construction, and operation and maintenance of 
schools will help school districts avoid these problems. 
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Section Three: Factors 
Influencing Indoor Air Quality 



Sources of Indoor Air 
Contaminants 



Outside Sources of Contamination 



O 




Introduction 

Staff and student satisfaction, comfort, and health associated with the 
school building are related not only to indoor air quality, but to a 
number of other factors. The non-specific health symptoms 
described in Section Two may be caused by indoor air quality or 
other environmental stressors such as improper lighting, noise, 
vibration, over-crowding, uncomfortable furniture, and job or 
classroom related psychosocial problems (such as stress). 

This section will focus on th ^sources of indoor air contamination. 
Comfort and health effects for specific contaminants will be briefly 
described, and control measures for addressing these contaminants 
will be outlined. Sections Four through Eleven of the Manual 
describe in greater detail control measures for indoor air pollutants. 

Indoor air may be contaminated by sources outside a building as well 
as from sources inside the building. Contaminants may consist of 
particles and dust ( including microbial debris ), fibers, mists, 
biological particles, and gases or vapors. 

Following are examples of contaminant sources outside and inside 
buildings that may contribute to indoor air pollution! 2 

Contaminated Outdoor Air 



• pollen, dust, and fungal spores 

• industrial pollutants 

• emissions from residential heating units, such as wood smoke 

• area-wide vehicle exhaust and emissions 



Emissions from Nearby Sources 

• exhaust from vehicles on roads, in parking lots, garages, 
or loading docks near school buildings 

• odors from dumpsters or trash storage areas, or other areas with 
unsanitary debris near the building outdoor air intake 
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• emissions from nearby construction activities 

• pesticides applied to crops in the school’s vicinity 

• livestock operations 

• exhaust from the building itself or from neighboring buildings 
which is drawn back into the building through outdoor air intakes 

Surface and Underground Sources 

• radon 

• leakage from underground fuel tanks 

• contaminants from previous uses of the site (for example, buried 
or discharged solid or hazardous waste) 

• pesticides 

Moisture or Standing Water Promoting Microbial 
Growth 

• rooftops after rainfall 

• crawl spaces 

• nearby wetlands 

• stormwater treatment systems 

Building Components and Locations that Produce or Collect Dust or Fibers 

Furnishings 

• textured surfaces such as carpeting, curtains, and other textiles 

• open shelving 

• office dividers 

• baseboard heating units 

• old or deteriorated furnishings 

• materials containing loose asbestos 

Unsanitary Conditions and Water Damage 

• microbial growth on or in soiled or water-damaged carpets and 
furnishings 

• microbial growth in areas of surface contamination 

• standing water from clogged or poorly designed drains 

• dry traps that allow the entry of sewer gas 

• moisture damage from aquariums, or maintenance of indoor 
plants 
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Chemicals Released from Building Components or 
Furnishings 



Building Equipment 



Human Activities 



O 




• pressed wood products 

• glues, adhesives, sealants 

• insulating materials 

• flooring and wall coverings 

• plastics 

• electrical equipment 

The Heating, Ventilation, and Air Conditioning System 

• dust or dirt in ductwork, filters, or other components 

• microbial growth in drip pans, humidifiers, ductwork, coils 

• improper use of biocides, sealants, or cleaning compounds 

• improper venting of combustion products 

• refrigerant leakage 

• natural gas pipe leakage 

Other Building Equipment 

• emissions from office equipment (volatile organic compounds, 
ozone) 

• emissions from supplies (solvents, toners, ammonia) 

• emissions from shops, labs, cleaning processes 

• emissions from elevator motors and other mechanical systems 

Personal Activities 

• body odors 

• cosmetic odors 

• coughing and sneezing 

• smoking (note: smoking is banned on public school grounds) 

Housekeeping Activities 

• cleaning materials and procedures 

• emissions from stored supplies or trash 

• use of deodorizers and fragrances 

• airborne dust or dirt (for example, circulated by sweeping and 
vacuuming) 
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Maintenance Activities 



• microorganisms in mist from improperly-maintained cooling 
towers 

• airborne dust or dirt 

• odors and volatile organic compounds from paint, caulk, 
adhesives, and other products 

• pesticides from pest control activities 

• emissions from stored supplies 

Other Sources Spills, Leakage, Accidents 

• spills of water or other liquids 

• microbial growth due to flooding or leaks from roofs or pipes 

• fire damage (soot, PCBs from electrical equipment, odors) 

Special Use Areas within the Building 

• science laboratories 

• photo/printing rooms 

• art rooms 

• restrooms and locker rooms 

• pools 

• cafeterias and other food handling areas 

• staff work rooms 

• vocational arts areas 

Redecorating, Remodeling, and Repair Activities 

• emissions from new furnishings 

• dust and fibers from demolition 

• odors and volatile organic and inorganic compounds from paint, 
caulk, adhesives, and other products 

• microbial debris released from demolition or remodeling activities 

The generation and flow of indoor air pollutants may be depicted 
graphically. Figure 3-1 provides a simplified view of indoor air 
pollutant sources, and the fate of these pollutants in the building 
environment. 3 
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Figure 3-1: Indoor Air Pollutant 
Flow 



Typical Indoor Air Pollutants, 
Sources, Comfort and Health 
Effects 



0 





Various pollutants or contaminants are released from th ^sources 
listed above. Table 3-1 lists the typical indoor air pollutants, 
identifies their potential sources, describes comfort and health 
effects, and suggests control measures to reduce or eliminate the 
pollutants. 3 ’ 4 ’ 5 ’ 6,7 

Sections Four through Eleven of this Manual provide many 
recommendations to control and prevent problems from these and 
other indoor air pollutants. For additional information on indoor air 
pollution sources, health effects, and regulations or guidelines for 
control, the reader should consult the reference list at the end of this 
Section, and review Section Twelve: Other Resources. 
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Table 3-1 

Typical Indoor Air Pollutants: 
Description and Sources 



Pollutant 


Description 


Sources 


Asbestos 


Asbestos is composed of small, natural 
mineral silicate fibers. Chrysotile is the 
most commonly used asbestos and 
represents about 95 percent of the 
asbestos used in buildings in the United 
States. 


Widely used in insulation and other building 
materials manufactured before 1977. 
Examples include pipe and furnace 
insulation, vinyl floor tiles and sheet 
flooring, patching compounds, textured 
paints, roofing materials, wall and ceiling 
insulation. 


Formaldehyde 


Formaldehyde is a colorless, water 
soluble gas. Due to its wide use, it is 
frequently considered separately from 
other volatile organic compounds 
(VOCs). 


Materials containing formaldehyde are 
widely used in buildings, furnishings, and 
consumer products. Urea-formaldehyde 
resins are used in the manufacture of 
plywood, particle board, fiberboard, and 
textiles. Other potential sources include 
furniture, shelving partitions, ceiling tiles, 
wall coverings, and carpet backing. The 
walls of some buildings have been insulated 
with urea-formaldehyde foam insulation 
(UFFI). Tobacco smoke and incomplete 
combustion of cooking and heating fuels are 
secondary sources. 


Other Volatile 

Organic 

Compounds 


Volatile Organic Compounds (VOCs) are 
compounds that vaporize (become a gas) 
at room temperature. There are hundreds 
of VOCs found in the indoor air, 
sometimes in concentrations suspected of 
being harmful. 


VOCs evaporate from many housekeeping 
and maintenance products, building 
materials, furnishings and equipment, and 
from human metabolism. Examples include: 
acetone, alcohols: byproducts of human 
metabolism, cleaners, personal care 
products, ammonia: cleaners, diazo copiers. 
aromatic hydrocarbons: combustion 
processes, pesticides, paints, solvents. 
benzene: combustion processes, gasoline, 
solvents, chlorinated hydrocarbons: PCBs, 
wood preservatives, solvents, styrene: 
carpet systems, phenols: equipment, 
furnishings, toluene: adhesives, gasoline, 
paints, solvents. 4-phenyl cyclohexane (4- 
PC): carpet systems. 
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Table 3-1 

Typical Indoor Air Pollutants: 

Comfort and Health Effects, and Control Measures 



Pollutant 


Comfort and Health Effects 


Control Measures 


Asbestos 


No acute health or comfort effects due to asbestos 
are known. Fibers deposited in the lung are the only 
known cause of mesothelioma, a rare cancer of the 
chest and abdominal lining. Asbestos is also 
associated with cancer of the esophagus, stomach, 
colon, and other organs. It can also cause 
asbestosis, a non-cancerous chronic and debilitating 
lung disease found in high-level industrial 
exposures. 


The methods of asbestos abatement 
include repair, removal, enclosure, and 
encapsulation. Removal has often been 
the abatement method of choice, 
although removal is not necessarily the 
most cost-effective method to protect 
human health and the environment. 


Formaldehyde 


Formaldehyde has a pungent odor and is detected by 
many people at levels of about 0.1 parts per million 
(ppm). Besides the annoyance, at higher 
concentrations it can also cause eye, nose, and 
throat irritation, coughing, wheezing, fatigue, skin 
rashes, and in rare cases, serious allergic reactions. 
Formaldehyde has caused nasal cancer in laboratory 
animals, but chronic effects have not been 
established for human beings. Some people exhibit 
a high sensitivity to very small concentrations. 


For problem UFFI cases, removal is 
indicated although the cost can be high. 
Even then, residual materials may remain 
in the structure and continue to off-gas. 
Increased temperature, humidity, and 
ventilation will accelerate off-gassing of 
formaldehyde from products. Therefore, 
ventilation may not be an effective means 
of control. Some manufacturers are 
producing products with lower off- 
gassing rates. Some surface treatments 
(such as nitrocellulose or water based 
polyurethane finishes) are being used to 
reduce off-gassing. 


Other Volatile 
Organic 
Compounds 


Several of these compounds have been identified 
individually as causing acute and chronic effects at 
high concentrations. At higher concentrations than 
are typically expected in school buildings, some 
VOCs have been linked to cancer in humans, and 
others are suspected of causing cancer. Anecdotal 
reports suggest that combinations of these 
compounds in low concentrations may be associated 
with sick building incidents. However, this 
phenomenon has not been confirmed through 
rigorous experimental or observational studies. 
Symptoms attributed to VOCs include espiratory 
distress, sore throat, eye irritation, nausea, 
drowsiness, fatigue, headaches, and general malaise. 


Selective purchasing and use of 
construction materials, furnishings, 
operational and maintenance materials 
can help reduce VOC emissions. 

Products should be stored in well- 
ventilated areas apart from occupied 
zones. Increased ventilation or direct 
exhaust can be used for activities that 
have high VOC emissions, such as 
painting. Scheduling the use of products 
to avoid occupant exposure to high 
levels of VOCs can also be useful. 
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Table 3-1 

Typical Indoor Air Pollutants: 
Description and Sources 



Pollutant 


Description 


Sources 


Nitrogen Oxides 


The two most prevalent oxides of 
nitrogen are nitrogen dioxide (NQ) and 
nitric oxide (NO). Both are toxic gases 
with NO2 being a highly reactive oxidant, 
and corrosive. NO gradually reacts with 
the oxygen in the air to form NQ. 


The primary sources indoors are 
combustion processes, such as unvented 
combustion appliances, vented appliances 
with defective installations, welding, 
vehicle exhaust, and tobacco smoke. 
Combustion appliances include wood, 
gas, and coal stoves, unvented kerosene 
heaters, and fireplaces subject to 
backdraft. 


Carbon Monoxide 


Carbon monoxide (CO) is a colorless, 
odorless, and tasteless gas. It results from 
incomplete oxidation of carbon in 
combustion. 


Incomplete oxidation during combustion 
in gas ranges, unvented heaters, leaky 
wood and coal stoves, and tobacco smoke 
may cause high concentrations of CO in 
indoor air. Worn or poorly adjusted and 
maintained combustion devices can be 
significant sources. Automobile, bus, or 
truck exhaust entering buildings from 
attached garages, nearby roadways or 
parking areas can also be a source of CO. 


Carbon Dioxide 


Carbon dioxide (CO2) is a colorless, 
odorless, and tasteless gas. It is a product 
of completed carbon combustion. 


All combustion processes and human 
metabolic processes are CO2 sources. 
Concentrations of CO2 from people are 
always present in occupied buildings. 


Airborne Biological 
Pollutants 


Biological materials, bacteria, viruses, 
fungi (molds and yeasts), pollen, dander, 
and insect parts (cockroaches and dust 
mites) are present nearly everywhere in 
indoor environments. These particulates 
range from less than one to several 
microns in size. When airborne, they are 
usually attached to dust particles of 
various sizes so that all sizes of airborne 
particles may include them. 


People, plants, pets, and insects may serve 
as sources or carry biological agents into 
a building. Drapery, bedding, carpeting, 
and other places where dust collects can 
harbor them. Cooling towers, dirty air 
conditioning equipment, humidifiers, 
condensate drains, and ductwork can 
incubate bacteria and molds. Other 
sources include wet or damp building 
materials and furnishings, including 
insulation, carpet, ceiling tiles, wall 
coverings, and furniture. 
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Table 3-1 

Typical Indoor Air Pollutants: 

Comfort and Health Effects, and Control Measures 



Pollutant 


Comfort and Health Effects 


Control Measures 


Nitrogen Oxides 


Oxides of nitrogen have no sensory effect in 
low concentrations. Acute effects of lung 
dysfunction have been reported at higher 
concentrations. Oxides of nitrogen produce 
delayed short-term effects on airway activity. 
Persons at special risk are those with chronic 
bronchitis, emphysema, asthma, and children 
under two years old. Long-term or chronic 
effects are not well established. 


Venting the sources of nitrogen dioxide 
to the outdoors is the most practical 
measure for existing conditions. This 
includes proper installation, operation 
and maintenance of all combustion 
appliances, and prevention of vehicle 
exhaust entry into buildings. 


Carbon 

Monoxide 


Acute or short-term effects of carbon monoxide 
(CO) exposure are due to the formation of 
carboxy hemoglobin in the blood, which inhibits 
oxygen intake. At moderate concentrations, 
symptoms may mimic influenza and include 
fatigue, headache, dizziness, nausea, and 
vomiting. Other symptoms include impaired 
judgment and impaired vision. At higher 
concentrations, CO exposure is fatal. 


It is most important to be sure 
combustion equipment is maintained and 
properly adjusted. Vehicular use should 
be carefully managed adjacent to 
buildings and in vocational programs to 
avoid entry of exhaust into buildings. 
Additional ventilation can be used as a 
temporary measure when high levels of 
CO are expected for short periods of 
time. 


Carbon Dioxide 


Carbon dioxide (CO 2 ) is a simple asphyxiant. 

At concentrations over 1.5 percent, breathing 
becomes more difficult. Above 3 percent, CCfe 
causes nausea, headaches, and dizziness, and 
above 6 to 8 percent stupor and death can 
result. At lower concentrations (0.1 percent), 
building occupants may experience headaches, 
fatigue, or eye and respiratory tract irritation. 
However, at these low concentrations, the 
buildup of CO 2 indicates inadequate ventilation, 
with the symptoms resulting from the 
concentration of other indoor air contaminants. 


Ventilation with fresh air is used to 
control carbon dioxide levels. 


Airborne 

Biological 

Pollutants 


Tuberculosis, measles, staphylococcus 
infections and influenza are known to be 
transmitted by air, as is Legionnaires disease. 
Pollens and molds can cause allergic reactions 
for a significant portion of the population. 
Common symptoms include sneezing, watery 


Good housekeeping and maintenance of 
HVAC equipment are very important. 
Adequate ventilation and good air 
distribution also help. Higher efficiency 
air filters remove viable particles along 
with other particles. Any water- 
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eyes, coughing, shortness of breath, dizziness, 
lethargy, fever, and digestive problems. 



damaged building materials or 
furnishings should be promptly cleaned, 
dried, or replaced. Maintain relative 
humidity between 40 to 60 percent. 
Cooling tower treatment procedures 
exist to reduce levels of Legionella and 
other organisms. 



Table 3-1 

Typical Indoor Air Pollutants: 
Description and Sources 



Pollutant 


Description 


Sources 


Body Fluids 


Blood and body fluid spills such as 
vomit, urine, and saliva. 


Usually children but may be any building 
occupant. Spills may result from illness, 
personal injury, or chronic conditions. 


Heavy Metals 


Heavy metals of concern include lead 
dust and mercury vapor. 


Lead sources include lead based paint, 
exterior dust and soil, lead-containing 
foodware, and art and craft materials, 
such as paints, glazes, stained glass, and 
solder. Mercury sources include 
mercury compounds (such as 
phenylmercuric acetate) used as 
preservatives in latex paint manufactured 
before August 1990. In addition, 
mercury may also be released from 
laboratory spills, such as the breakage of 
thermometers. 


Radon 


Radon is a radioactive gas, the first 
decay product of Radium-226. It decays 
into solid alpha emitters which can be 
both inhaled directly or attach to dust 
particles that are inhaled. The unit of 
measure for radon is picocuries per liter 
(pCi/1). 


Radon is present nearly everywhere in 
the earth’s crust in widely varying 
concentrations. Radon may enter a 
building through the water system or 
through off-gassing of building 
materials. However, the earth below 
buildings is the principal source of 
indoor radon. Radon penetrates cracks 
and drain openings in foundations, and 
enters basements and crawl spaces. 
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Table 3-1 

Typical Indoor Air Pollutants: 

Comfort and Health Effects, and Control Measures 



Pollutant 


Comfort and Health Effects 


Control Measures 


Body Fluids 


May cause discomfort and health effects in other 
building occupants. 


Body fluid spills should be immediately cleaned 
up and disposed. A spill kit should be 
maintained and used as necessary. The kit 
should include a bucket, disinfectant, body fluid 
absorbent material, disposable gloves, paper 
towels, sealable plastic bags, plastic bandages, 
gauze, and a brush. School personnel should see 
that the kit is maintained with these components. 


Heavy Metals 


Significant lead exposure in infants and small 
children may lead to irritability, abdominal pain, 
seizures, loss of consciousness, chronic learning 
deficits, hyperactivity and reduced attention span. 

In adults, symptoms may include fatigue, weakness, 
headache, hearing loss, tremor, lack of coordination, 
gastrointestinal discomfort, constipation, anorexia, 
and nausea. With high doses or prolonged 
exposure, mercury poisoning symptoms may 
include muscle cramps or tremors, headache, 
tachycardia (abnormally high heart rate), 
intermittent fever, acrodynia (symptoms including 
leg cramps, irritability, peeling skin, and painful red 
fingers), personality change, and neurological 
dysfunction. 


Wet mop and wipe furniture to control lead dust. 
Have professionals remove or encapsulate lead 
containing paint, following evaluation of old 
painted surfaces. Avoid use of old latex paints 
containing mercury. Mercury spills may be 
handled through the use of commercial cleanup 
kits, HEPA vacuums (not ordinary vacuums), 
flowers of sulfur, or dental amalgam. 


Radon 


No sensory perception or immediate health effects 
are known. The chronic effect is lung cancer or 
other lung dysfunction due to the retention of radon 
decay products in the lung. These chronic effects 
are among the best known of all indoor air 
pollutants, as the result of studies on uranium 
miners. It is speculated that non-occupational radon 
exposure in the U.S. may cause between 2,000 and 
20,000 additional cancer deaths per year. 


Sealing of foundations to prevent entry has been 
demonstrated to be effective, although the long 
term reliability of sealing is unknown. Specific 
ventilation of basement areas and crawl spaces 
has also been shown to be effective. Increased 
ventilation with outdoor air will lower radon 
levels for a given building. However, radon 
levels do not correlate well with ventilation rates 
among different buildings; i.e., buildings with 
low ventilation rates will not necessarily have 
high indoor radon levels, and vice-versa. In new 
construction, radon entry may be controlled by 
pouring slabs with as few joints as possible, 
using wire reinforcement in slabs and walls to 
minimize cracking, using caulking to seal seams 
and perimeters, and using sub-slab ventilation 
techniques. 
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Pollutant Sources, HVAC Systems, Pathways, and 
Occupants 14 

The indoor environment of any building is a result of the interactions 
among the site, climate, building structure and mechanical systems, 
construction techniques , contaminant sources, and building 

occupants. 

An indoor air quality problem may exist when there ar ^sources of 
pollution or discomfort indoors, outdoors, or within the mechanical 
ventilation system. These sources are connected to building 
occupants through apathway, with a driving force to move 
pollutants along the pathway. As an example, many of the sources of 
indoor air pollution described in this section of the Manual may be 
removed or distributed by the HVAC system, which serves as a 
pathway and driving force to reach building occupants. 

Purpose and Features of the HVAC Systems 1,4 

HVAC System 

The HVAC system includes all heating, ventilation, and cooling 
equipment serving a school: boilers or furnaces, chillers, cooling 
towers, air handling units, exhaust fans, ductwork, and filters. A 
properly designed and operating HVAC system will: 

• control temperature and relative humidity to provide thermal 
comfort 

• distribute sufficient amounts of outdoor air to meet ventilation 
needs of school occupants, and 

\. 

• isolate and remove odors and contaminants through pressure 
control, filtration, and exhaust fans. 

In the design of new schools or remodeling of older schools, these 
functions must be addressed. Older schools may not have an HVAC 
system which adequately serves these functions. In addition, 
improper operation and maintenance at any school, new or old, may 
prevent the HVAC system from properly doing its job. 

The features of the HVAC system in a given building will depend 
upon several factors. These include: 

• age of the system and design climate 
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• building and mechanical codes in effect at the time of the design 

• budget that was available for the project 

• designers’and school districts’individual preferences, and 

• subsequent modifications. 

Temperature Variations and Comfort 1 4 

Thermal comfort and ventilation needs are met by supplying 
conditioned air, which is a mixture of outdoor and recirculated air 
that has been filtered, heated or cooled, and sometimes humidified or 
dehumidified. A number of variables interact to determine whether 
people are comfortable with the temperature and relative humidity of 
the indoor air. The amount of clothing, activity level, age, and 
physiology of people in schools vary widely, so the thermal 
requirements for comfort vary among individuals. The American 
Society of Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. (ASHRAE) Standard 55-1992 describes the temperature and 
humidity ranges that are comfortable for most people engaged in 
non-strenuous activities. Temperature is discussed further on page 
6-20 of this Manual. 

Uniformity of temperature is important to comfort . Rooms that 
share a common heating and cooling system controlled by a single 
thermostat may be at different temperatures. Temperature 
stratification is a common problem caused by a lack of mixing, when 
light, warm air rises, and heavier, cooler air sinks. If air is not 
properly mixed by the ventilation system, the temperature near the 
ceiling can be several degrees warmer or cooler than near the floor, 
where young children spend much of their time. Even if air is 
properly mixed, uninsulated floors over unheated spaces can create 
discomfort in some climate zones. Large fluctuations of indoor 
temperature can also occur when thermostats have a wide dead band 
(a temperature range in which neither heating or cooling takes place). 

Radiant heat transfer may cause people located near very hot or very 
cold surfaces to be uncomfortable even though the thermostat setting 
and the measured air temperature are within the comfort range. 
Schools with large window areas sometimes have problems of 
discomfort due to radiant heat gains and losses, with the locations of 
complaints shifting during the day as the sun angle changes. 

Windows and poorly insulated walls can also produce a flow of air by 
convection, leading to complaints of draftiness. 
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Closing curtains reduces heating from direct sunlight and isolates 
building occupants from exposure to window surfaces which are 
often hotter or colder than the walls. 

Large schools may have interior core spaces in which year-round 
cooling is required to compensate for heat generated by occupants, 
equipment, and lighting, while perimeter rooms may require heating 
or cooling depending on outdoor conditions. 



The Effects of Humidity on Comfort Levels 1 4 

Humidity is a factor in thermal comfort. Raising relative humidity 
reduces a person’s ability to lose heat through perspiration and 
evaporation, so that the effect is similar to raising the temperature. 
Humidity extremes can also create indoor air quality problems. 
Excessively high or low relative humidity can produce discomfort. 
High relative humidity (over 60 percent) can promote the growth of 
mold and mildew, while low relative humidity (below 30 percent) can 
accelerate the release of fungal spores into the air. Low humidity has 
been associated with irritation of the mucous membranes of the eyes 
and upper respiratory system. 

Ventilation to Meet Occupant Needs 1 4 

All schools need ventilation, which is the process of supplying 
outdoor air to the occupied areas within the school. As outdoor air 
is drawn into the school, indoor air is exhausted by fans or allowed to 
escape through openings, thus removing indoor air pollutants. 
Exhaust is also taken directly from special use areas that produce air 
pollutants such as restrooms, kitchens, shops, and science materials 
storage closets and fume hoods. 

Modem schools use mechanical ventilation systems to introduce 
outdoor air during occupied periods, and exhaust fans to remove 
odors and contaminants from special use areas. Older schools may 
have relied more upon natural ventilation to bring in fresh air. In 
naturally ventilated buildings, unacceptable indoor air quality is 
particularly likely when occupants keep the windows closed because 
of extreme hot or cold outdoor temperatures. Even when windows 
and doors are open, under-ventilation is likely when air movement 
forces are weakest, such as when there is little wind, or in multi-story 
buildings, when there is little temperature difference between the 
inside and outside of the building. 

The amount of outdoor air considered adequate for proper 
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ventilation has varied substantially over the last several years. 

Because updating building codes often takes several years, the 
building code that was in force when the school HVAC system was 
designed may well have required a lower amount of ventilation than 
what is currently considered adequate. As a result, when these 
buildings are scheduled for major remodeling, many of them will 
need to have their HVAC systems upgraded. 

ASHRAE ventilation standards are used as the basis for most 
building ventilation codes, including the Washington State 
Ventilation and Indoor Air Quality Code, Chapter 51-13 Washington 
Administrative Code (WAC). Generally for classrooms, libraries, 
music rooms, auditoriums, and kitchens, the ASHRAE recommended 
standard is 75 cubic feet per minute of outdoor air ventilation per 
occupant, while office space and conference rooms should have 20 
cubic feet per minute per occupant . These recommendations may 
vary depending upon special conditions and occupancy of the room 
(number of people per 1000 square feet). Air flow requirements are 
discussed in detail in Section Six of the Manual, page 6-12. 

Air Flow Patterns in Buildings 1 4 

Pollutant Pathways and Driving Air flow patterns in buildings result from the combined action of 

Forces mechanical ventilation systems, human activity, and natural forces. 

Differences in air pressure created by these forces move airborne 
pollutants from areas of higher pressure to areas of lower pressure 
through any available opening. 

The HVAC system is generally the predominant pathway and driving 
force for air movement in buildings. However, all of a building’s 
components (walls, ceilings, floors, doors, windows, HVAC 
equipment, and occupants) interact to affect how air movement 
distributes pollutants within a building. 

For example, as air moves from supply outlets to return inlets, it is 
diverted or obstructed by partitions, walls, and furnishings, and 
redirected by openings that provide pathways for air movement. On 
a localized basis, the movements of people have a major impact on 
the movement of pollutants. Some of the pathways change as doors 
and windows open and close. It is useful to think of the entire 
building as part of the air distribution system. 
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Air movement can produce many patterns of pollutant distribution, 
including: 

• local air movement in a room containing a pollutant source will 
affect how the pollutant is distributed within the room 

• air movement will transport pollutants into adjacent rooms or 
spaces that are under lower pressure 

• pollutants may be moved into other spaces through HVAC 
system ducts 

• pollutants may be moved from lower to upper levels in multi- 
story schools, and 

• air and pollutants can move into the building through either 
infiltration of outdoor air or re-entry of exhaust air. 

Natural forces exert an important influence on air movement between 
a school’s interior and exterior. Both the stack effect and wind effect 
can overpower a building’s HVAC system and disrupt air circulation 
and ventilation, especially if the school envelope (walls, ceilings, 
windows, doors) is leaky. 

Stack Effect Stack effect is the pressure-driven airflow produced by convection, 

the tendency of warm air to rise. The stack effect exists whenever 
there is an indoor-outdoor temperature difference, and the effect 
becomes stronger as the temperature difference increases. Multi- 
story schools are more affected than single-story schools. As heated 
air escapes from upper levels, indoor air moves from lower to upper 
levels, and outdoor air is drawn into the lower levels to replace the 
air that has escaped. Stack effect can transport contaminants 
between floors by way of stairwells, elevator shafts, utility chases, 
and other openings. 

Wind Effects Wind effects are transient, creating local areas of high pressure (on 

the windward side) and low pressure (on the leeward side) of 
buildings. Depending on the leakage openings in the building 
exterior, wind can affect the pressure relationships within and 
between rooms. Entry of outdoor air contaminants may be 
intermittent or variable, occurring only when the wind blows from 
the direction of the pollutant source. 

Most public and commercial buildings are designed to be positively 
pressurized, so that unconditioned air cannot enter through 
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openings in the building envelope causing discomfort or air quality 
problems. The interaction between pollutant pathways and 
intermittent or variable driving forces can lead to a single source 
causing indoor air quality complaints in an area of the school that is 
distant from the pollutant source. 

Occupants Particularly Susceptible to Indoor Air 
Contaminants 1 4 

Building occupants include staff, students, and other people who 
spend extended time periods in the school. Some occupants may be 
particularly susceptible to effects of indoor air contaminants: 

• allergic or asthmatic individuals 

• people with respiratory disease 

• people whose immune systems are suppressed due to 
chemotherapy, radiation therapy, disease, or other causes 

• people on certain types of medication 

• contact lens wearers 

Some other groups are particularly vulnerable to exposures of certain 
pollutants or pollutant mixtures. For example: 

• people with heart disease may be less tolerant to exposure to 
carbon monoxide (at lower levels) than healthy individuals 

• children or adults who smoke, or who are exposed to 
environmental tobacco smoke (away from the school 
environment) are at higher risk of respiratory illness 

• those with asthma or chronic lung disease exposed to significant 
levels of nitrogen dioxide (from combustion sources) are at 
higher risk of respiratory illness 

Because of varying sensitivity among people, one individual may 
react to a particular indoor air quality problem while nearby 
occupants display no ill effects. Section Two of this Manual 
described the health symptoms and effects that may result from poor 
indoor air quality. It was also noted in the introduction to this 
section that there are other environmental stressors that may 
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produce similar symptoms as those caused by poor indoor air quality. 



Sick Building Syndrome 

The term sick building syndrome (SBS) is used to describe cases in 
which building occupants experience short-term health and comfort 
effects that are often linked to the time they spend in the building, but 
disappear when they leave the building. The complaints may be 
localized in a particular room or zone or may be widespread 
throughout the building. Analysis of air samples often fails to detect 
high concentrations of specific contaminants, although in most cases, 
a physical basis that may contribute to the occurrence of SBS can be 
found, such as inadequate ventilation by the HVAC system. 

Sick building syndrome symptoms include eye, nose, and throat 
irritation, dryness of mucous membranes and skin, nose bleeds, skin 
rash, mental fatigue, headache, cough, hoarseness, wheezing, nausea, 
and dizziness. 8 

Building-Related Illness 

Building-related illness is a term referring to illness brought on by 
exposure to the building air, where symptoms of diagnosable illness 
are identified (for example, certain allergies or infections) and can be 
directly attributed to environmental agents in the indoor air. 
Legionnaire’s disease and hypersensitivity pneumonitis are examples 
of building-related illness that can have serious or life-threatening 
consequences. Building related illness can develop as a result of 
poor building maintenance and uncontrolled sources of 
contaminants. 8 
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Section Four: Basic Strategies 
for Good Indoor Air Quality 



Introduction 

Most of the management practices recommended in this Manual fall 
into basic groups of actions or strategies for maintaining good indoor 
air quality. There are six basic control methods for reducing 
concentrations or avoiding elevated concentrations of indoor air 

12 3 

contaminants. These six methods are: ’ ’ 



• source management 

• local exhaust 

• dilution ventilation 

• exposure control 

• air cleaning, and 

• education. 

In most cases, a combination of two or more of these strategies 
should be used to help ensure good indoor air quality. 



Source Management 



Source Management 

Methods: 

1. Source Removal 

2. Source Substitution 

3. Source Encapsulation 



This method includes source removal, source substitution , and 
source encapsulation . Source management is the most effective 
method to control or avoid indoor air contamination when it can be 
practically and cost-effectively applied. 

The best prevention method is to avoid bringing unnecessary 
pollutant sources into the school building. Examples oisource 
removal include prohibiting buses from idling near outdoor air 
intakes, and not placing trash or cleaning and maintenance supplies 
(which have the potential to release pollutants) in rooms where 
HVAC equipment is located. 

Source substitution includes actions such as selecting a less toxic art 
material than one currently in use, or selection of a latex interior 
paint with low volatile organic compounds versus a solvent-based 
paint with higher volatile organic compounds. 
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Source encapsulation involves placing a barrier around the source so 
that it releases fewer pollutants into the indoor air. For instance, one 
approach to asbestos abatement involves encapsulation to prevent 
the release of asbestos fibers. 

Local Exhaust 

This method is quite effective in removing pollutants directly at their 
source before they can be dispersed into the indoor air, and involves 
exhausting the contaminated air outside. Examples include restroom 
and kitchen air exhausts, science lab fume hoods, art room kiln 
exhausts, housekeeping storage rooms, printing and duplicating 
rooms, and vocational arts rooms. Local exhaust (including the use 
of temporary exhaust) is also important when occupied school 
buildings are undergoing remodeling or repairs. Local exhaust can 
be used to help prevent staff and student exposure to contaminants 
during demolition and installation of new building materials. 

Dilution Ventilation 

This method uses outdoor air to dilute and replace contaminated 
indoor air. State and local building codes specify the amount of 
outdoor air that must be continuously supplied to an occupied area. 
For ventilation to be an effective control measure, other factors aside 
from the quantity of outdoor air must be considered. These factors 
include the quality of outdoor air, the effectiveness with which it 
reaches building occupants, the efficiency with which it reduces 
contaminant levels, and air pressure relationships between interior 
spaces and between inside the building and outdoors. Air pressure 
relationships help to prevent the distribution of contaminants from 
special use areas (such as kitchens and science rooms) into other 
parts of the building. Ventilation requirements and 
recommendations are discussed further in Sections Six through Ten 
of this Manual. 

For activities such as painting, pesticide application, or responding to 
chemical spills, temporarily increasing ventilation can be useful in 
diluting the concentration of fumes in the air. However, ventilation 
may also distribute contaminants into other less-contaminated areas. 
It is advisable to consider the use of special, temporary local exhaust 
or local ventilation in such situations. 
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Exposure Control 



Exposure Control Methods: 

1. Control Time of U se 

2. Control Amount of Product 
Used 

3. Control the Location of 
Use 



This method controls or limits the exposure of building occupants to 
contaminants by scheduling th etime at which products producing 
emissions are used, controlling or limiting theamount of product 
used, and controlling the location of use. 

An example of time of use exposure control would be to strip and 
wax floors on Friday after school is dismissed, so that the floor 
products have a chance to off-gas over the weekend, reducing the 
level of contaminants in the air when the school is occupied. (Note: 
the ventilation system must be operating during the period of 
contaminant off-gassing). 

By controlling or restricting theamount of product used, fewer air 
contaminants will be present at the time the building is occupied. 



Finally, location of use control simply means moving the 
contaminating source as far as possible from occupants, or relocating 
susceptible occupants. As an example, doors, trim, and other 
materials may be removed from a school room, stripped, painted or 
finished, and allowed to cure in a well-ventilated offsite location 
before reinstallation. 



Exposure control methods may be used in conjunction with increased 
ventilation or local exhaust. 



Air Cleaning 

This method essentially involves the filtration of particles from the air 
as the air passes through the HVAC system. Filtration is important 
in reducing particles, including microbial agents, which can cause 
illness in building occupants. Gaseous contaminants can also be 
removed, but in most cases such removal is more difficult and costly. 
Removal of gaseous contaminants may be considered on a case -by- 
case basis, however. 

Education 

This method is a key component of the indoor air quality control strategy. 
If students, parents, teachers, custodians, and other staff are given 
information about the sources and effects of contamination and about the 
proper operation of the ventilation system, then they can work together to 
reduce their exposure and the exposure of others. 
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Provide an Orientation on Indoor 
Air Quality and the Best 
Management Practices for: 

1. School District Staff 

2. School Building Staff 
3. Other Key Policy Makers 



Purpose and Responsibilities of the 
Position 



Education should lead to good building operation and maintenance 
practices, good housekeeping, and other preventive measures. 
Education should include a basic orientation on indoor air quality and 
this School Indoor Air Quality Best Management Practices Manual. 
Information should be provided at the school district and building 
levels, and should also be available to key policy makers, including 
local school board and site council members. 

Providing and maintaining good indoor air quality may require the 
expenditure of additional funds from the pre-design stage through the 
construction, building operation, and maintenance phases. These 
expenditures represent an investment, and are likely to reduce 
unanticipated expenditures to resolve indoor air quality problems in 
the future. The costs of providing good indoor air quality should be 
openly discussed by all involved parties, including school 
administrators, staff, parents, the school board, and site council. 

Designating an Indoor Air Quality Coordinator 

An indoor air quality coordinator should be assigned or hired to 
verify that practices to ensure good indoor air quality are carried out 
in all phases of school siting, design, construction, and ultimately in 
school operation. The IAQ coordinator selected for siting, design, 
construction, or renovation may not necessarily be the same person 
assigned as IAQ coordinator once the school is in operation. 

In school siting, design, and construction, the IAQ coordinator 
should ensure that all IAQ objectives and issues defined for the 
school are considered through each phase. The IAQ coordinator 
should have good communication skills, have time available to 
devote to this function, and some technical expertise. The following 
tasks are among those which may be assigned to the IAQ coordinator 
during these phases of school development or renovation: 

• assist in development and review of an indoor pollutant source 
control plan (discussed in Section Six of this Manual) to guide 
siting, design, and construction 

• exchange information with state and local agencies 



obtain outside consulting assistance when necessary 



